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Method for Feeding Sheets in a Printing IVIachine 

The present invention relates to a method for feeding sheets of printing material in 
5 a printing machine, preferably a digital printing machine, on a continuous loop 
transport means, in particular a transport belt, which has at least one dead space 
section, specifically a seam, and which is preferably included in a transport path 
which permits the alternate selection between simplex printing and duplex printing, 
in which case it has been taken into account that a region, preferably the leading 
10 edge of a respective sheet on the transport means, is detected for the control of a 
printing process by means of a detecting device. 

In a printing machine of the aforementioned type, which comprises a continuous 
loop transport means having a seam or a similar dead space section, there is the 

15 problem that a region, in particular the leading edge of a sheet which enters pre- 
cisely this dead space section, is potentially not accurately recognized or detected 
by the detecting device. If there is a seam, for example due to the overlapping con- 
glutination of the ends of a transport belt, this seam could mistakenly be detected 
as being the leading edge of a sheet. Consequently, these so-called "collisions" 

20 between the leading edges of sheets and the dead space section, or this kind of 
error by the detecting device, are to be avoided. Ignoring the dead space section, 
this can be achieved in that the total length of the transport means is divided or 
split up into "windows" or "frames," in which respectively one sheet to be printed 
ican be placed. To achieve this, these frames are of a size generous endugh that 

25 the largest, theoretically occurring sheet format plus a required minimum distance 
from the subsequent sheet, would fit into said frame. In doing so, these "frames" 
could be understood and interpreted as length sections on the transport means, or 
also as the feed time section for feeding a sheet. 

30 However, this careful budgeting of space on the transport means has the result that 
the printing machine is not utilized in an economical manner. 



CONFIRMATION COPY 



wo 2005/053961 



2 



PCT/EP2004/013667 



Therefore, it is an object of the present invention to solve the problem of nnaking 
optimal use of the space for sheets on the transport means, while avoiding 
detecting device errors caused by the dead space section. 

5 This problem has been solved by the present invention in that, when a sheet is fed, 
said sheet's region to be detected is prevented from entering into the dead space 
section of the transport means. 

As a result of this inventive measure, it has been advantageously achieved that, 
10 for example, each leading edge of a sheet can be detected well outside the dead 
space section. Preferably, this is achieved in that the feed time for a sheet, whose 
region to be detected would be within the dead space section, is delayed by a 
period of time which corresponds to the size of the dead space section in transport 
direction divided by the transport speed of the transport means. 

15 

In accordance with a further modification of the present invention, it should pref- 
erably also be avoided that, when feeding a sheet for obverse printing, said sheet 
or its region to be detected moves into a section to be occupied by a sheet that is 
to backed or perfected. Preferably, this is achieved in that the feed time for the 
20 sheet, which or whose region to be detected would coincide with the section of the 
sheet to be backed or perfected, is delayed by a time which corresponds (as a rule, 
at most) to the size of this section in transport direction divided by the transport 
speed of the transport means. 

25 Especially when considering potential collisions of all the sheets, it will not be suffi- 
cient, as a rule, that the region to be detected, namely, for example, the leading 
edge of the planned sheet, will not enter the section of the other sheet but that the 
entire section of the planned sheet is not allowed to intersect or overlap with the 
section of the other sheet. In doing so, it becomes clear that, in accordance with 

30 the present invention, it is not only absolutely necessary that only one feed time 
needs to be planned and is being planned, but that, preferably, one time interval 
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of the planned sheet will be considered, and that it is ensured that this time interval 
does not overlap with another time interval assigned to a dead space section or to 
another sheet. 

5 In all, the present invention is to ensure that, in duplex printing, the feed time for 
printing the obverse side of a sheet is coordinated with the feed time for printing the 
reverse side of the same sheet, or that care is taken that collisions are prevented 
during both passes of the sheet. This means, for example, that if the leading edge 
of a sheet to be printed on the reverse side were to enter the dead space section, 

10 not only the way that sheet is fed would be changed or taken into consideration, 
but also the feeding of the same sheet's associate back-page would be taken into 
consideration in view of this feeding correction and would lead to a corresponding 
or appropriate change. If this should cause the leading edge of the obverse side to 
enter the dead space section, this would, in turn, be taken into consideration during 

15 the correction of the feeding motions. 

Furthermore, the present invention prevents the sheets of a duplex printing order 
from being mixed with the sheets for a simplex printing order at the time the sheets 
are fed. 

20 

During the feeding and placing of sheets which, of course, may have different for- 
mats, it must be borne in mind, considering the section occupied by a sheet, that 
said sheef s length in transport direction, and the necessary distance from the sub- 
sequent sheet, are taken into account. In addition, sufficient space or sufficient time 

25 between sheets should be taken into account; for example, additional space for 
register marks on the transport means for the section of a sheet should be con- 
sidered, and/or the duration of time for the section of a sheet multiplied by the 
transport speed should be additionally considered, which requires that the printing 
machine be set up for the sheets' preparation, or for said machine's resetting in 

30 response to control information for its function as part of the printing process. 
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When an appropriate distribution of siieets has been planned, it is also desirable 
and intended that, if the transport means is (fully) loaded, the sections to be occu- 
pied by the sheets between the dead space section and said dead space section's 
return after one transport means cycle are uniformly distributed over the transport 
means, or at least the remaining space on the transport means which has not been 
occupied by printing material is minimized. 

The drawings show embodiments with additional inventive features which, how- 
ever, are no limitation of the scope of the invention. They show: 

Fig. 1 a schematic side elevation of a part of a printing machine for carrying out 
the inventive method; 

Fig. 2 a timeline represented as a one-dimensional coordinate system to explain 
an inventive sheet feeding operation; 

Fig. 3 a flow chart to illustrate an inventive algorithm; 

Fig. 4 another flow chart to illustrate an inventive algorithm; and, 

Fig. 5 an example of an inventive arrangement of sheets on a transport belt in 
plan view, taking into consideration different sheet formats and different 
reasons for dimensioning intermediate spaces between consecutive 
sheets. 

Fig. 1 shows a schematic side elevation of a part of a printing machine used for 
carrying out the inventive method. 



wo 2005/053961 



5 



PCT/EP2004/013667 



A feeder 1 for printing material sineets, a transport path 2 for printing material 
sheets and a feeder 3 for printing material sheets on a printing machine are indi- 
cated. Integral parts of the transport path are a continuous loop transport belt 4 
which forms a section of transport path 2, and a duplex terminal loop 5 which alter- 
5 nately forms a section of transport path 2. 

Examples of sheets of printing material are shown in different positions on trans- 
port path 2. One sheet 6 is just leaving feeder 1 and is getting ready to move onto 
transport belt 4. Sheets 7 and 8 are already on transport belt 4. One sheet 9 is pre- 
10 sent in duplex terminal loop 5. Sheets 10 and 1 1 have already left transport belt 4 
and/or duplex terminal loop 5, and are on the way to feeder 3. 

At least during their transfer from feeder 1 to transport belt 4, it is possible for a 
leading-edge sensor 13 to detect sheets 6 in the illustrated embodiment, said sen- 

15 sor being connected with a controller 14 of the printing machine which comprises 
a processor, for example. Arriving sheets 6 are fed in a timed manner to transport 
belt 4, for example, as sheets 7, 8, in such a manner that the printing machine is 
used in the most efficient manner possible and that, in particular, a printing unit or 
several color printing units 15 are used in the most efficient manner possible. Like- 

20 wise, sheets 9 are (again) fed to transport belt 4 when said sheets have passed 
through duplex terminal loop 5, in order to now (after the their front pages have 
been printed or not) have their reverse sides printed with printing units 15. To do 
so, a sheet 9 may again be detected by leading-edge sensor 13. As a rule, how- 
ever, this will not be necessary, because the cycling time of sheet 9 from leading- 

25 edge sensor 13 over transport belt 4 into duplex terminal loop 4 and through said 
terminal loop back to leading-edge sensor 13 may be presumed as being known, 
so that the first pass of a sheet through printing units 1 5 allows the planning of the 
time for said sheet's return for printing the reverse side, because, in particular dur- 
ing the first pass past leading-edge sensor 1 3, it is already known whether the just- 

30 detected sheet 6 is to be printed by simplex printing or duplex printing. 



wo 2005/053961 



6 



PCT/EP2004/013667 



The problem of feeding a sheet 6 to transport belt 4 is that sheet 6 must not collide 
with a dead space section, for example a seam of transport belt 4, or with a sheet 9 
coming out of the duplex terminal loop. 

5 After the sheets have been printed with the use of printing units 15, the dye or ink 
is dried, for example, or toner is fixed with a fixing device 12, and then these sheets 
are fed - as sheets 9 - to duplex terminal loop 5 or are transported further - as 
sheets 10, 11 - to feeder 3. 

10 In planning the feeding operation, it should be ensured in particular that enough 
space remains between the sheets, specifically between sheets 7, 8, in order to be 
able to operate printing units 15 and fixing unit 12 as continuously as possible so 
as to avoid any sheet jams that could potentially even cause a break-down of the 
printing machine. Above all, several feeders 1 may be provided which handle 

15 sheets having different formats and/or different other properties, for example, 
grammage (grams per square meter), i.e., features that must also be taken into 
consideration in sheet feeding, i.e., optionally even in view of a potentially required 
resetting of printing units 15 and/or fixing unit 12. 

20 Fig. 2 shows a timeline as a one-dimensional coordinate system, in order to explain 
inventive sheet feeding. 

A stream of paper is viewed under leading-edge sensor 13. This may be indicated 
at a point ton the timeline. Consequently, each leading edge of a sheet is assigned 
25 a time, namely the absolute time at which said sheet reaches leading-edge sensor 
13. 

At the start of the timeline, only the times of the seams of transport belt 4 are iden- 
tified. These are intervals expressed in terms of [seam , seam + a], where a is the 
30 seam length. Hence, seams have the distance S, i.e.. 



wo 2005/053961 



7 



PCT/EP2004/013667 



searriM = seam,- + S, 

Index "i" allows the differentiation of different passes of the seam and different 
sheets among each other, in particular, when successive passes or sheets "i" and 
5 "i+1" are viewed. 

Now m represents the length of the sheet, including the required space between 
sheets and the space for calibration marks. 

10 Now tfront represents a (future) point in time, at which the front side should be under 
leading-edge sensor 13. 

Position tback of the reverse side results from 

tback = tfront d 

15 

where d represents the cycling time, i.e., the time required by a sheet from leading- 
edge sensor 13 back to leading-edge sensor 13 through duplex terminal loop 5. If a 
seam is located in one of the intervals [tfront tfront i-^ ni] or [tback m , tback i + rn], the 
position of the sheet must be moved to a later point in time. If the first sheet is then 
20 planned , the next sheet may follow. Now tfront m = tfront i-^ rn. 

The algorithm of Fig. 3 is used for positioning the sheet 

This algorithm is expressed as follows: 

25 

"Is front side OK?" Is tfront not in an interval [tback m tback i + m] or not in an interval 
[searriM , seam,- + a], or does interval [tfront h tfront i + m] not overlap with one of the 
aforementioned intervals? 
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"Is back side OK?" Is tback not in an interval [seami+i , searrii + a], or does interval 
[tbackh tback i + iTi] pot Overlap with the aforementioned interval? 

"Move front side to next free position." Set tfronti = tbacki + m if tfronti in [tback m , 
5 tbacki + /77], and W/ = seami + a if tfronti in [seaiVM , seam/ + a], or if interval 

[tfronti, tfronti + ni] oveHaps with one of the aforementioned intervals. Furthermore, set 

tbacki = tfronti + d. 

"Move back side to next free position." Set tbacki = seam/+x + cr and 

10 tfmnti = tbacki " C/. 

The value of index "x" is a function of the number of cycles carried out by the 
transport belt while sheet / passes through the duplex terminal loop. 

15 The above algorithm causes the distances between sheets to be irregular. 

Regarding the algorithm of Fig. 4: 

Assuming an x number of sheets fits between two seams, i.e., x = [S/m] (where [ ] 
20 represent Gaussian brackets). If S is not a whole number divisible by at?, there is a 
remainder r^S-x^m. This remainder cannot be filled by a sheet. The algorithm 
for the uniform distribution of sheets now states that the remainder r must be dis- 
tributed uniformly - between the seams - over the previous spaces between the 
sheets. Then, all the sheets between two seams receive the additional intermediate 
25 space r/x. The actual output of the printing machine is not reduced under these 
additional intermediate spaces. 
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The feature "collision" refers to one of the instances in which the branching "No" 
occurs in the algorithnn for positioning. Consequently, front sides can "collide" with 
the seann or with a reverse side, or reverse sides can "collide" with the seann. The 
rennainder r = nnin(a,b) refers to the nninimum of the actual planning point of the 
5 front side to the next collision point and of the actual planning point of the reverse 
side to the next collision point. 

For easier understanding, the algorithm for positioning sheets is described with 
only one fixed sheet size m. Preferably, an algorithm with variable sheet size is 
10 used. The difference with respect to the described algorithm is that during the step 
"move front side to next free position," in the case of a collision with a duplex sheet 
9, the value tfmnt must be raised such that duplex sheet 9 is in fact skipped. 
Therefore; tfront = feac/c + m(tback), where m is a function of tback . 

15 Likewise, the algorithm for uniform distribution is somewhat more complicated with 
variable sheet sizes. In this case, the first series of printing sheets must be proc- 
essed up to the next collision, before sheets can in fact be planned. 

Fig. 5 shows an example of an inventive arrangement of sheets 7, 8 on a transport 
20 belt 4 in plan view, taking into account various sheet formats and different reasons 
for dimensioning intermediate spaces between successive sheets. 

For example, three paper feeders for papers having different formats or consis- 
tency may be provided. If a mixed operation of different papers is to be possible, 
25 this would have to be taken into consideration at the level where sheet feeding is 
controlled. 

For example, specific additional times could be taken into consideration and result 
in different intermediate spaces between successive sheets when any of the sub- 
30 systems cannot maintain the actually desired minimum distance between the 
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sheets. Reasons therefore could be, for example, that the fixing unit requires a 
certain time, for example 0.6 seconds, in order to switch from one sheet of printing 
material having a specific consistency to a subsequent sheet having another con- 
sistency, or that simply the change from one feeder to another feeder requires a 
5 certain time, or that toner consumption or toner application in an electro photo- 
graphic module requires a certain break or "time-out," or that the software, in par- 
ticular the so-called "Digital Front End" (DFE), does not have any additional print 
orders ("jobs" or "batches"), and so on. 



